The effect* of atropine i.v. on inspired volume and occlusion prenure were measured in three groups of patients. Group PE received premedicatkm with pethidine 50mg and promethazine 12.Smgi.rn., and anaesthesia was provided by 2% enflurane in 67% nitrous oxide. Group TE received temazepam 20 mg orally for prTTx-dimrinn °"H dmil»r anBriffhiiria Group TH received temazepam premedication and l%halothane 1 p in 67% nitrous oxide. Atropine 0.02 mg kg" 1 i.v. increased significantly the inspiratory flow in the first 1 s of inspiration, and this effect was greater in the group that received pethidine (9% increase in flow). However, occlusion pressure did not change, and minute volume was not altered. The results suggest that atropine increases inspiratory flow after pethidine premedication without increasing the force developed during inspiration, possibly by bronchodilatarion.
Three groups of patients were studied, according to the premedicant and volatile anaesthetic agent given. Group PE received pethidine 50 mg and promcthazine 12.5 ing i.m. and anaesthesia was maintained with 2% inspired enflurane vapour in 67% nitrous oxide. Group TE received temazepam F   29  25  71  48  73  46  61  61  56  44  51  16   50  63  41  56  59  54  45  48  52   7   32  62  25  63  43  51  47  38  45  13   150  162  152  160  167  175  175  180  168  165  165  10   175  172  160  176  178  179  163  154  170  9   170  161  178  160  168  173  182  182  172  9   113  92  88  109  88  102  91  114  127  104  103  13   110  114  104  108  94  77  100  118  103  13   116  102  96  101  105  89  95  124  103 11 20 mg by mouth for premedication, and 2% enflurane for anaesthesia; Group TH received temazepam 20 mg, and 1 % halothane for the maintenance of anaesthesia. Premedication was given 1 h before the induction of general anaesthesia. Slightly greater inspired concentrations of volatile anaesthetic agent were used immediately after tracheal intubation. However, as soon as regular breathing was established, the patients breathed the appropriate concentration for 20 min before measurements were made. Halothane and enflurane were vaporized with recently calibrated vaporizers (Cyprane).
Patients breathed from a T-piece system through a large-bore tap, a low resistance non-rebreathing valve (Ambu Hesse), and a screen pneumotachograph (Mercury Electronics F100L) ( fig. 1) galvanometer recorder . The volume of the pneumotachograph head was 15 ml. Each sequence of measurements consisted of a record of three breaths. The large-bore tap was then turned, during expiration, so that the next inspiration was occluded, and the decrease in airway pressure during this inspiratory attempt was recorded. The tap was then opened to allow normal breathing. This recording sequence was repeated at 1-min intervals, on five occasions before the administration of atropine sulphate 0.02 rug kg" 1 i.v., and on five occasions from the 3rd to 7th min afterwards.
The records were digitized (Summagraphics Bit Pad One) and analysed (Commodore PET 3032) to give the mean values of inspired volume of the three normal breaths, and the airway pressure during the occluded breath. The durations of inspiration (Ti) and expiration (TE) for the normal and occluded breaths were measured from the flow and pressure traces, respectively. The volume and pressure at about the middle and end of the duration of inspiration, tidal volume (VT), minute volume (Vi), airway pressure at the end of the inspiratory attempt (FT), mean inspiratory flow rate (VT/Tl), and the mean rate of decrease of occlusion pressure (PT/Tl) were calculated for each sequence of measurements. Measurements made during inspiration are expressed thus: Vo.s, which indicates the volume inspired after 0.5 s of inspiration.
In each patient, the mean values for the five sequences of measurements at 1-min intervals before atropine, and the five sequences from 3 to 7 min after atropine were calculated. These values were analysed for the three groups of patients by one-way analysis of variance, and significant differences inspected retrospectively by the Student-NewmanKeuls procedure (SPSS package; One Way; ICL 2900 computer). . 2) . Flow was greater in mid-inspiration, as indicated by the fact that Via (equivalent to mean flow in the 1 st second) was significantly greater than VT/ TI (equivalent to mean inspiratory flow for the whole of inspiration). For some subjects in group TH measurements were made at 0.6 or 0.8 s because of the short inspiration.
Atropine increased significantly all indices of inspiratory flow: WJ, VIO, and VT/Tl(tablesII,III and IV). The increase in volume inspired at 1 s caused by atropine was significantly greater in the group premedicatcd with pethidine (9%) compared with the increase in the other two groups (0.6% and 2% in groups TE and TH, respectively). The administration of atropine was also associated with a gignifimnt increase in tidal volume which was greater in group PE. However, there was no difference between the groups in the change in mean inspiratory flow ( VT/ Ti) and, hence, part of the increase in VT may be a result of an associated increase in Tl although this increase was not significant Minute volume did not change after the administration of atropine.
Occlusion pressure did not change, and no change was detected in the relationships between the volume inspired and the occlusion pressure at equivalent times during inspiration ( V0.5/P0.5> VIJOIPI.OS and VT/PT). Atropine did increase the duration of the respiratory cycle and this increase was greatest in group PE. 
DISCUSSION

Methods
The results of this study support partly the observations of Wahba and Sadkova (1979), but suggest that atropine has a greater effect after opiate premedication, and that the volatile anaesthetic used may be unimportant. However, there are several differences in method between the two studies.
Wahba and Sadkova used anileridine 12.5-37.5 mg i.m. for premediestion. As this synthetic opiate analgesic is not available in the United Kingdom, pethidine 50 mg was chosen as a similar drug in an attempt to achieve a comparable effect. If the effects of pethidine and anileridine are not similar, then comparison of the studies may be unwise.
Wahba and Sadkova used a circle anaesthetic system supplied with a flow of 5 litre min-1 of fresh gas containing 2-3% enflurane vapour. Before atropine was given, the mean minute volume was less than the fresh gas flow, so the inspired enflurane concentration would often have been the same as the concentration in the fresh gas. After the administration of atropine, mean minute volume increased to a value greater than the fresh gas supply, so the inspired concentration would probably decrease because some expired gas containing less enflurane would be re-used after carbon dioxide absorption. In the present study, on the other hand, inspired concentrations were kept constant, so an increase in ventilation would increase alveolar and hence brain anaesthetic concentration. An increased respiratory depressant effect could perhaps decrease the effect of an increase in ventilation caused by atropine. However, no change in occlusion pressure, which should indicate changes in ventilatory drive, could be demonstrated in this study.
The patients in the present study received local anaesthesia to decrease the likelihood that changes in surgical stimulus would modify ventilation (Royston and Snowdon, 1981), and to allow a single inspired concentration of anaesthetic vapour to be used. It is possible that the local anaesthesia altered respiratory system mechanics, but this effect would have been the same for all groups. Atropine 0.02 mg kg' 1 was given and ventilation measured over 5 min from the 3rd to the 7th minute. Wahba and Sadkova gave 0.01 mg kg" 1 and measured ventilation at the 5th and 20th minutes, in patients not receiving local analgesia.
Probably the most important difference was the measurement of ventilation. Wahba and Sadkova used a Wright respirometer to measure expired minute volume. Bushman (1979) has shown that this device is more accurate in measuring expired than inspired volume, since flow in the first part of expiration is usually great. However, the accuracy of the respirometer depends upon flow rate.
Any increase in expired flow would tend to be exaggerated by the greater response of the respirometer. In the present study, a low deadspace screen-type pneumotachograph, calibrated with the inspired gas mixture, was used to measure inspired volume. The likelihood of a systematic volumerelated error in this device is small with the almost uniform inspiratory flow patterns observed.
Breathing during halothane anaesthesia was more rapid and shallow than during enflurane anaesthesia, as has been observed by others (Calverley et al., 1978; Royston and Snowdon, 1981) . Because three groups of patients were studied, comparison of the changes caused by atropine had to be undertaken by analysis of variance. Multiple t tests are not appropriate statistically, since chance associations can assume statistical significance (Armitage, 1971) . Consequently, statistical examination of the effects of atropine on the components of ventilation, such as tidal volume and frequency, in a particular treatment group, was difficult. Although it was shown that atropine caused an increase in tidal volume and this effect was more marked in group PE, minute volume was not affected, and it could not be shown that respiratory frequency was decreased significantly more in group PE than in the other groups.
During enflurane anaesthesia, tidal volume may possibly influence expiratory duration by means of a reflex involving stretch receptors. In a study using dogs, Marsh, Rehder and Hyatt (1981) found that changes in lung volume influenced respiratory timing during enflurane anaesthesia but not during halothane anaesthesia. If this were so, an increase in tidal volume would lead to a reflex decrease in respiratory frequency.
A further possibility exists, that the changes in respiratory frequency were not related to the administration of atropine, but to another time-related process, such as a gradual increase in the depth of anaesthesia with time or a waning of the residual effects of thiopentone. However, increasing depth of enflurane anaesthesia leads to an increase in respiratory frequency (Calverley et al., 1978) and similar changes in frequency have been seen in patients given atropine after longer periods of anaesthesia, and patients in whom etomidate or propanidid was used to induce anaesthesia (G. B. Drummond, unpublished observations).
Mechanism of action of atropine
In animal studies, muscarinic cholinergic receptors have been found in brain areas associated with respiratory control, such as the nucleus tractus solitarius (Walmsleyetal., 1981) . Atropine has marked central influences on cardiac parasympathetic control via the vagus (Katona, Lipson and Dauchot, 1977) and rapidly enters the brain after administration i.v. (Proakis and Harris, 1978) . Despite this evidence for the central effects of atropine, no major effects on respiration, at least in conscious man, have been reported CWangennan and Hawk, 1942; Smith etal., 1967) .
In this study, central respiratory drive was assessed using occlusion pressure. During isometric contraction, the decrease in pressure in the airway is proportional to the neural activation of the respiratory muscles, provided certain factors remain unchanged.
For example, a change in the initial length or shape of the diaphragm would influence its efficiency and this can invalidate comparison of occlusion pressures for different postures, or before and after the induction of anaesthesia. Such changes are unlikely to have been caused by atropine, and indeed no change in occlusion pressure was found. In conscious subjects, the inspiratory effort is altered as soon as the load is appreciated (Whitelaw, Derenne and Milic-Emili, 1975) , but during anaesthesia occlusion pressure can be measured throughout the inspiratory attempt as a good index of central drive (Derenne et al., 1976) . In anaesthetized animals, occlusion pressure is proportional to measurements of neural output (Eldridge, 1975; Siafakas et al., 1981) and there is no evidence of a reflex increase in the rate at which central neuronal activity increases when inspiration is impeded (Shannon, Zechman and Frazier, 1972) . The likelihood of reflex augmentation of inspiration by occlusion during anaesthesia with volatile agents is small, since intercostal muscle activity, which could be affected by spindle reflexes at a spinal level, is abolished by halothane anaesthesia (Tusciewicz, Bryan and Froese, 1977) .
In the present study, atropine did not influence the rate of decrease of airway pressure during occlusion, so it is unlikely that a central stimulant effect of atropine had occurred. The ratio of tidal volume to occlusion pressure at end-inspiration was not influenced by atropine, suggesting that the elastic properties of the respiratory system had not changed. Consequently, the most likely effect of atropine was on the flow-resistive properties of the respiratory system in the patients given pethidine and promethazine. Morphine causes airway constriction, probably by a central vagal stimulant action and by histamine release (Aviado, 1975) . The effect of rtistnmine on airway calibre may be vagally mediated, since histamine increases vagal efferent activity, and histamine-induced bronchoconstriction is decreased by hexamethonium and by atropine (Nadel, 1980) . Morphine-induced tracheal constriction in man can be antagonized by atropine 0.5 mg (Yasuda et al., 1978) . These effects provide a satisfactory explanation for the observations of this study, although it is of interest that atropine still had an effect despite the presence of enflurane, which causes bronchodilatation (Lehane, Jordan and Jones, 1980) and can antagonize bronchoconstriction caused by hypocapnia (Coon and Kampine, 1975) or allergic responses (Hirshman and Bergman, 1978) .
Atropine caused a significant increase in mean inspiratory flow. This increase was 16mis" 1 in group PE and about 1 mls~' in groups TE and TH. These increases could not be distinguished by the Student-Newman-Keuls test. A difference between the groups was apparent when values for Vi. o were compared, presumably because these reflected mid-inspiratory flow more exactly. Although the inspiratory muscles generate a greater flow with the same force (occlusion pressure) the final effect on ventilation depends on the duration and magnitude of this force. Factors that could have influenced ventilation in the circumstances of this experiment include changes in PacOj and anaesthetic depth associated with changes in ventilation, the responsiveness of ventilation to carbon dioxide, and possible changes in the efficacy of gas exchange caused by bronchodilatation and an increase in anatomical deadspace. The final result, and the mechanisms, are difficult to predict without further data. Wahba and Sadkova (1979) found large and persistent changes in ventilation, despite a decrease in PacChi which suggests a central stimulatory effect of atropine. In this study, minute volume did not increase and occlusion pressure, an index of respiratory drive, was unchanged. These observations are not consistent with a central stimulatory effect. An increase in mid-inspiratory flow was observed that was more marked after opiate premedication, suggesting that atropine had induced bronchodilatation. The effect on overall ventilation was small, suggesting that the carbon dioxide response was unchanged, and confirming observations on the effects of externally-added resistances in anaesthetized subjects (Nunn and Ezi-Ashi, 1961) . In addition, the contribution of airway resistance to total inspiratory impedance was small.
